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(57) Abstract: A mobile indoor navigation system comprises: * a mobile communication device incorporating a user interface; a dis -
play for navigating a user from a first location to a second location; and a camera; « a number of passive navigation markers disposed
at a number of locations; at least one of which in use is viewed by the camera as the marker is in the field of view of the camera; and
* a processor which compares signals representative of the viewed passive navigation markers with signals stored on a database and
displays navigation information dependent upon the comparison.
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The invention relates to a mobile indoor navigation system,

Background to the Invention

Prior art embodiments known to the applicants ars wireless local area networks {Wi-Fi)
and Bluetooth triangulation systems. However, both of these systems require indoor

glectronic hardware to function.

Also known o the applicant is sateliite navigation technology which uses global
positioning systems in order to navigate roads or the like. The disadvantage of this
technology Is that it has not been adapted to work in an indoor environment in order to

guide & user to & target destination within premises,

The following prior art docurments are acknowledged: US2D13/0045751,
US20T0/0002034, US2008/0137912, [P200U222682, KRT10-2012-0116202. None of the
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pricor art documents identified addresses the problems which the invention tackles, {st

alone are the solutions proposed by the applicant envisaged,

LS 2013/0045751 AT relies on the detection of ordinary imegularly disposed logos such as
the brands on a store’s fagade, 1t provides a very rough estimate of location but specific

real time guldance cannot be achieved in this prior art configuration,

US 2010/0032034 concerns tags disposed on the wall of a bullding and the determination
of an individual's position through the analysis of deformation of a tag. does not

provide real time guidance or navigation to an individual,

LIS 2008/0737912 concemns a barcode based system for determining a user's position. The
configuration relies on barcodes mounted on a wall and a camera configured to simulate a

user's view, It does not provide readable real time navigation to a user.
P 2009-222682 provides visual indicators which may be detected by camers for the
identification of objects in very much the same way as brall provides a means to

communicate an object’s purpose to the visually impaired.

Summary of the Invention

in a first broad independent aspect, the invention provides a mobils indoor navigation
systern comprising:

s & mobile communication device incorporating a user interface; a display for
navigating a user from a first location to a second location; and a camers;

s a number of passive navigation markers disposed at 8 number of locations;
at least one of which in use is viewed by said camera as said marker is in
the field of view of said camera; and

= @ processor which compares signals reprasentative of said viewed passive
navigation markers with signals stored on & database and displays

navigation information dependent upon sald comparison.

This configuration provides a systern by which a user may navigate prerises such as &

supermarket in order to efficlently locate desired products. it particularly aliows a user to
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hold & mobile communication device In an ordinary interfacing position Le. with the user
holding the device in the palm of histher hand whilst the camera captures in preferred
embodiments celling or floor images whers passive markers are disposed. Preferably the
passive navigation markers are disposed at regular intervals which provide real time
updates of a map displayed for the user's guidance. In other words, indoor navigation has
been simplified when compared to the prior art embodiments discussed above where the
user would be required to identify the logos or barcodes, point in effect to them in a
manner rendering the simultaneous display of navigation information impractical. Whilst
simplifying the user’s interaction with the navigation system, the only slectronic device
required may be the communication device. This may be a phone, tablet or an electronic
tralley. No other hardware may be required within the premises to allow the systam to

function. In 8 preferred embodiment, the system Incorporates no additional hardware.

Preferably, sald mobile communication device may be configured to scan for prominent
features and/or one or more particular highlights in the front o rear facing cameras’ field
of view and may be configured to track thelr movement across the field of view, thus

identifying lsteral movermnent of the communication device in relation to the environment,
i a preferred embodiment, the device will be configured to scan to identify right-angles.

in a further subsidiary aspect, the device will be configured to stan to identify marks which

miay for example comprise geometric shapes.

in & further subsidiary aspect, the device comprises means for identifying lights and/or
light fittings. This may be achieved by identifving an ares with & characteristic
corresponding to a light. In a further subsidiary aspect, the device Is configured to identify

a static line, pipe, or cabling in order to determine 3 direction of travel.

Preferably, said processor determines and assesses the distance between a passive
navigation marker in the field of view and the mobile communication device; and displays
navigation information dependent upon sald assessment. This configuration sllows
accurate positioning of & user within the premises and therefore accurate navigation
towards a destination. Preferably, the mobile communication device incorporates a screen

and a camera in substantially the same plane as the screen; and the device's screen




T

7§

e

23

35

WO 2014/128507 PCT/GB2014/050554

remaing in a plane facilitating the user’s viewing whilst capturing Images of 2 passive

marker located on a substantially horizontal plane such as a celling or a floor,

Preferably, said processor determines and assesses one or more angles betwsen a passive
nawvigation marker in the fleld of view and the mobile communication device; and displays
navigation information dependent upor sald assessment, This configuration allows
accurate positioning and preferably orientation of a user within the premises and therefore

accurate navigation towards a destination,

Preferably, sald moblle cormmunication device incorporates an accelerometer and the
selection of the navigation information s at least partly dependent on values derfved from
said accelerometer, This provides the advantage of more accurately determining the

position of & user in comparison to the use of the processor alone.

Preferably, said mobile communication device locks the exposure of said camera in order
to most effectively read sald markers. This configuration allows the processor to effectively
compare signals representative of the viewed passive navigation markers with signals

stored on a database in variable Hight conditions.

Preferably, said mobile communication device will sutomatically lock the exposure of the

camera 1o best sult the reading of the markers In variable lighting conditions.

Preferably, said communication device utilises both front and rear facing cameras. This
allows rmarkers positioned on the ceiling, floor or wall to be identified by the mobile

corrsmunication device,

Preferably, sald front and rear facing cameras are utilised simultanecusty. This
configuration provides the advantage of sllowing the mobile communication device to

identify navigational markers on the ceiling, floor or wall of premises at the same time.

Preferably, sald mobile communication device incorporates a compass and the selection of
the navigation information is at least partly depandent on values derived from said
compass. This provides the advantage of more accurately determining the position of a

user in comparison to the use of the processor alons,
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Preferably, said mobile communication device incorporates an sccelerometer andfor a
gyrascope which are configured to identify displacement characteristics and compare
displacement characteristics against pre-determined displacement characteristics; whereby
& mode of displacement may be determined, Embodiments of this configuration are
particutarly advantageous since the system avoids any reliance on a2 compass which Ay

be prone to errors due to electro-magnetic interference,

Preferably, said mobile communication device incorporates an accelerometer andfor &
gyroscope which are configured to determine the orlentation of the device and display

navigation information in accordance with sald determined orientation.

Preferably, said mobile communication device determines its orlentation dependent LpOn
whether a passive navigation marker is in the field of view of said camers; and dependent
solely upon data obtained from said gyroscope andfor scoelerometer if no passive

navigation marker is present in the field of view.

Preferably, sald mobile communication device incorporates a pedometer. This
configuration coupled with the orfentation detection can sliow map details to be

accurately updated In real time to provids improved indoor navigation.

Preferably, said mobile communication device records a user’s walking movement in order
to determine the user's walking profile and compares his profile against pre-determined

profiles.

Preferably, at least one of sald passive navigation markers Is asymmetric; whereby the
position of the user relative to the marker is determined. This configuration provides the
advantage of determining in which direction a user is travelling. As a navigation marker is
asymmetric, at any point when in the fleld of view of sald camera, the processor may

determine in which direction the user is travelling towards or away from the marker,

Preferably, said asymmetric navigation markers are located on the celling, floor or wall of a
bullding. This enables the front or back facing camera of the mobile communication

device to position the user accurately within the premises,
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Preferably, sald navigation markers are held apart from said ceiling or floor by one or mors

fasteners.

Preferably, sald navigation markers can be visible solely in the infra-red spectrum. This
configuration aliows acourate detection by the camera of the mobile communication

device, where detection in other parts of the spectrum may be difficult,

Preferably, the initial location of said user can be selected from a meny in said user
interface, in order to determine the location of said user. This provides the advantage of
attowing the user o select their initial location If this cannot be otherwise determined

using the navigation system.

Preferably, global position satellite (GPS) data is used for positioning said user in an

ouitdoor environment.

Preferably, a predetermined list of product destinations may be stored within said
navigation system. This allows a user to compile a list of preducts, such as a shopping list,
that upon entering the premises can be mapped wsing said navigation system in order to
formulate the optimum path by which s user can travel 1o efficlently locate all sought

after products.

Preferably, said processor launches sald navigation system dependent on the detection of a
Quick Response (R} code. This configuration allows the launching of the processor
without the requirement for additional hardware within the building, The QR code can also
direct the user online, if they have not already done 5o, to download and install the
navigation system. Additionally, said QR codes may generate the latest special offers to be

shown on & user's mobile device sach time they launch the system.

Cptionatly, said user interface overlays said navigation information display over the on-
sereen camera view of sald mobile communication device. This configuration allows the
user o see the optimuem path generated laid over the image seen by the mobile device so

that they may more easily be able to locate 8 product.
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Preferably, the navigation information may be overlaid on a floor map not the camera

view. This will take the shape of a line to follow, which updates as the user moves 1o new

detectable locations,

Figure 1 shows the interaction between a mobile devics and said asymmetric navigation

markers.

Figure 2 shows the measurement of pitch roll and vaw angles of the communication
device and the marker position in the fleld of view, to caloulate the lateral distance of the

device from the marker as a polar co-ordinate,

Figure 3 shows a user holding a communication device.

Detailed Descrintion ol the

Figure 1 shows & mobile communication device, indicated by 1, that interacts with
asymmetric navigation markers placed below 2 or above 3, horizontally spaced between 3
to 10 meters from each other, within premises. Each marker incorporates a number of
shapes spatially arranged so that the marker may not be superimposed on its mirror image.
Thus from ary direction, the view of the marker is different, therefore allowing the
navigation system o determine in which direction the user is travelling. In a preferred
embodiment, the marker incorporates two or more rectangles. In a further preferred
ermbodiment, the marker incorporates a first rectangle at 90° from a second rectangle. Ina
further preferred embodiment, the markers are infrared markars and the camera is adapted
to operate i the infrared spectrum. The markers are located on sither the floor, celling or
other high level fixing point such as structural beams or lighting rigs in said premises. The

view frusturm {field of view] of the camera is shown 4,

Figure 2 shows the process of calculating the lateral distance and angle as a polar co-
ordinate 5 from the marker 3, by comparing the pitch, roll, and yaw angle of the
communication device 1 with the height § and the position of the marker 3 in the

communication device camera view frustum {field of view} 4,
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Figure 3 shows the user holding their communication device 1, the camera field of view 4
and the live map interface 7. This pesition aflows the user to comfortably view the screen
in order o readily follow navigation instructions whilst at the same time allowing the
camera to capture the requisite images. In that sense, the operation of navigation is

sitnplified to the extent that the user needn’t be aware of the position of the markers.

As a user enters the premises, the mobile indoor navigation system is launched on the
mobile communication device T. Initlatly, the navigation systerm can be instalied on the

mobile communication device 1 by scanning 8 QR code upon entry to the premises.

Upon launching of the navigation system, the mobile device 1 will determine the location
of the user based on GPS positioning. This may be used to determine which store/building
they are in, and which map and database to use. H this fails, however, the user can select
their location through & menu contained in the navigation system. Qptionally, the user
iy sign into an account associated with the premises, such as an online shopping

account or loyalty card acoount,

Once the navigation system is launched, the user may select a desired itern that i3 located
within the premises. The navigation system will subsequently search for the location of the
chosen itern within a database of item locations for the premises. The navigation system
will plot the location of the chosen item on an on-screen map 7 of the premises, generated
on the mobile device 1. The navigation system will provide a path for the user to follow
from their current position to the location of the desired tem. The navigation system will
track the user's location as they travel towards the item destination, providing feedback
related to the user's position relative to the target location of the item, using the
asymmetric navigation markers 2, 3 and the field of view 4 of the front or rear camera 2 of

the mabile device 1.

Alternatively, the navigation system may indicate useful information, such as special offer
information, to the user as they travel through the premises. This useful information may
be based on known purchasing patterns of the user, obtained through the account

associated with the premises.
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Alternatively, the user may pre-load a lst of desired iterns located within the premises, The
navigation systern will determine an optimised route by locating the next nearest item on

the user's list for the user to follow in order to effidiently locate all desired ftems.

Alternatively, the user may scan 3 QR code as they enter the premises which Is associated
with a special offer or other points of interest. The navigation systerm will then guide the
user to the location of the special offer or point of interest In the same manner as
described above, If the navigation systern is not yet installed on the mobile device,
scanning of the QR code will direct them to an online location where they will be alle to

download and install the navigation system.

W a preferred smbodiment, detection of the user's location is determined through the
detection of visual asymmetric navigation markers 2, 3 that sre mounted at celling level,
on the floor, or other high level fixing point of the premises. Each asymmetric navigation
marker represents 3 unigue location within the premises and may be detected by the front
or rear camera of the mobile device, When an asymimetric navigation marker passes into
the field of view of the front or rear camera of the mobile device 1, its unigue location is
determined and compared against a map and an assoclated database of each unique
location held internally within the navigation system. From this, the user’s location can be
determined and plotied on a schematic map of the premises. As the asymmetric marker
moves through the fleld of view 4 of the front or rear camers, the user’s speed and
diraction can be determined. The accuracy of this may be increased by employing the
accelerometer and/or magnetic compass of the mobile device in conjunction with the

navigation system,

iy & further embodiment, & pedometer might be employed to measure the number of

steps taken by the user in order to better predict the location of a8 user.

in a preferred embodiment, the user's position relative to the target item destination
would be presented as a schemnatic map of the premises with the optimum route plotted
on the map. Alternatively, navigation information can be presented as a compass-style
arrow which points in the direction of the target item destination. Alternatively, navigation
information can be presented over the on-screen view of the camers, In a 3-dimensionsl

presentation, known as Augmented Reality (AR}
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Additionally, when the user is travelling, navigation information, in the form of a map or

otherwise, would rotate and move in relation to the direction in which the user is facing,

i a preferred embodiment, the following processing steps are followed:

Stage 1: Marker Detection

The front or rear facing cameras of the communication device are initialised and may be

preferably set to constantly scan for markers using the Aruco augmented reality Library.

The optical processing vis the Aruco system s as follows:

]

=

&

Marker Detaction

Apply an Adaptive Thresholding 5o as to obtain borders of markers.

Find contours, After that, not only the real markers are detected but also a lot of
undesired borders. The process then aims to filter out unwanted borders.
Remove borders with a small number of points.

Polygonal approxdmation of contour and preferably keep the concave contours with
exactly 4 corners {ie, rectangles).

Sort comers in preferably an anti-clockwise direction,

Remove too close rectangles. This is required because the adaptive threshold
normally detects the internal and external part of the marker's border. At this

stags, the system preferably keeps the most external border,

Stage 2: Marker identification

Marker identification

Remove the projection perspective 5o as to preferably obtain a frontal view of the
rectangle area using homography.

Threshold the area preferably using Otsu. Otsu's algorithms assume a bimodal
distribution and find the threshold that maximizes the extra-class variance while

keeping a low intra-class variance.
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identification of the internal code. If it is a marker, then it has an internal code in
preferred embodiments. The marker is preferably divided in a 68 grid, of which the
internal 5x5 cells contain 1D information. The rest corresponds to the external black
border. Here, we first check that the external Black border is present. Afterwards,
we read the internal 5x5 cells and check i they provide a valid code {it might be
required to rotate the code to get the valld onel.

The Marker identification value is preferably stored in memory and the centre of
the marker is preferably identified in relation to the pixel dimensions of the camers
frame as a percentage In X and Y referred to as MarkerPos_X and MarkerPos_Y.
0%:.0% being the top left of the frame,

Stage 3 : Relative Position Caloulation

I the communication device is flat and level with the camera facing straight up or
down, then the lateral position of the communication device relative to the marker
cart be identified as follows.

The frustum of the camera field of view is calcudated for both Xand ¥ by

FOV X =2 * tan{AngleQfView X2} * {MarkerHeightFromGround -
AveragePhoneHeightFromGround}

FOV.Y = 2 * tan{AngleOfView_¥/2) * MarkerHeightFromGround -
AveragePhoneMelghtFromGround)

Once the frustum is obtained then wial cross-section ares of the viewable
celling/floor is determined,

The percentage positioning of the marker in the camera frame is combined with
the FOY values to calculate the lateral position

LateralPosition Y = (FOV_Y * [Pos¥/100}} / 2

LateralPosition X = [FOV_X * (Pos¥7 100}/ 2

As the cormmunication device will likely not be completely flat, the sceelerometer
values are used to calculate the angle of the phone to ground in Pitch ¥} and Roll
t

Thase Pitch {Ay] and Roll {fx] values are used to compensate for the angle the
cormmunication device is being held by a gain factor calibrated during instailation.

LateralPositon X corrected = {LaterslPosition_X - {Ax * gainfactor)
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= LateralPositon ¥ _corrected = {LateralPosition Y - {Ay * gainfactor)

& This helps in differentiating the preferred embaodiment from prior art embodiments
which tend to use the deformation and extrinsics of the marker to calculate lateral
pasition, not the accelerometer data from the mobile communication device,

§  Stage 4: Real World Position Calculation

e With the Marker ID identified, the system preferably lookups its real world position
via @ lookup table and then use the LateralPosition _X_corrected
and LateraiPosition ¥_corrected values to calculate the offset value, and thus the
b commurnication devices real world position in X, Y, and 7 {floor).
¢ MarkerRealWorldPosition_X + LateralPositon X _corrected

=  MarkerRealWorldPosition Y + LateralPositon_Y_corrected
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1. A mobile indoor navigation system comprising:

= & mobile communication device incorporating a user interface; a display for
navigating a user fromn a first location to a second location; and a camera;

+ g number of passive navigation markers disposed at a number of locations;
at least one of which in use is viewed by ssid camers as said marker is In
the field of view of sald camers; and

® 3 processor which compares signals representative of said viewed passive
navigation markers with signals stored on a database and displays

navigation information dependent upon said comparison.

2. A mebile indoor navigation system according to claim 1, wherein said device is
configured to scan for distinctive features in addition to sald passive navigation

markers,

3. Amobile indoor navigation system according to claim 2, wherein said device is

configured to track the movement of said additional distinctive features.

4. A systern according to either claim @ or clalm 3 whereln said distinctive features

comprise ong or more of the following: right-angles, light fittings, pipes, cabling.

5. A system according to any of the preceding claims, wherein said processor
determines and assesses the distance between a passive navigation marker in the
field of view and the mobile communication device; and displays navigation

information dependent upon said assessment.

& A systern according to any of the preceding daims, wherein sald processor
determines and assesses one of more angles betwaen a passive navigation marker
in the field of view and the mobile communication device; and displays navigation

information dependent upor sald assessment.
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A systern according to any of the preceding claims, wherein mobile communication
device incorporates an acceleromater andfor a gyroscope and the selection of the
navigation information Is at least partly dependent on values derived from said

accelerometer, andfor gyroscops,

A systemn according to any of the preceding claims, wherein sald mobile
communication device incorporates a compass and the selection of the navigation

information is at least partly dependent on values derived from said compass.

A system according to any of the preceding claims, wherein said mobile
communication device incorporates an accelerometer andfor a gyroscope which
are configured to identify displacernent characteristics and compare displacement
characteristics against pre-determined displacement characteristics; whersby a

mode of displacement may be determined.

A systern according to any of the precading claims, wherein said mobile
communication device locks the exposure of said carnera in order to most

effectively read said markers,

A system according 1o any of the precading claims, wherein sald communication

device utilises both front and rear facing cameras,

A system according to claim 11, whereln said front and rear facing cameras are

utilised simultaneously,

A system according to any of the preceding claims, wherein said mobile
comynunication device Incorporates an accelerometer andfor a gyroscope which
are configured to determine the orlentation of the device and display navigation

information in accordance with sald determined orientation.

A system according to any of the preceding claims, wherein said mobile
commurication device determines its orlentation dependent upon whether a

passive navigation marker is in the fleld of view of sald camera; and dependent
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solely upon data obtained from said gyroscope andfor accelerometer If no passive

navigation marker is present in the fleld of view.

5. A system according to any of the preceding claims, wherein said mobile

cormnunication device incorporates a pedometer.

16. A systemn gccording to any of the preceding claims, wherein said mobile
cormnunication device records & user's walking movement in order to determine

the user's walking profile and compares his profile against pre-determined profiles.

17. & system according 1o any of the preceding dlalms, wherein at lsast one of said
passive navigation markers Is asymmatric; whareby the position of the user relative

10 the marker is determined.

18, A systemn according to claim 17, whereln said visible asymmetric navigation

rmarkers are located on the ceiling or Hoor of a building.

19, A systern sccording to any of the preceding claims, wherein said navigation

markers are held apart from said celling or floor by one or more fasteners.

20, A system according to any of the preceding claims, wherein said navigation

markers are visible solely in the infra-red spectrum.

21. A system according to any of the preceding claims, wherein the initial location of
said user is selected from 2 menu in sald user interfacs, in order to determine the

focation of said user,

22, A systemn according to any of the precading claims, wherein global position satellite

{GPS] data is used for positioning sald user In an outdoor environment,

23, A system according to any of the preceding claims, wherein a predetermined list of

sroduct destinations may be stored within said navigation system.
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24, A system according to any of the preceding claims, whersein said processor launches

said navigation system dependent on the detection of 3 OR code.

25, A system according to any of the preceding claims, wherein said user interface

overlays said navigation information display over the on-screen floor plan map,

28, A mobiie indoor navigation system as hereinbefore desoribed andfor Blustrated in

any appropriste combination of the accompanying text andfor figures,
27. A method of indoor navigation comprising the steps of;

»  providing a mobile communication device incorporating a user interfacs; a
display for navigating a user from a first location to a second location; and a
CRmers;

e providing a number of passive navigation markers disposed at a number of
tocations; at least one of which in use is viewed by sald camers as said
rarker s in the fisld of view of sald camers; and

s comparing signals representative of said viewed passive navigation markers
with signals stored on a database and displaying navigation information

dependent upon said comparison,

28. & method according to claim 27, comprising the step of scanning for distinctive

features in addition to sald passive navigation markers,

29 A method according to claim 28 further comprising the step of tracking the

movement of said additional distinctive features.

30, A method according to either claim 28 or claim 29, wherein said distinctive
features comprises one or more of the following: right-angles, light fittings, pipss,

cabling.

31, A method according to any of daims 27 to 30, further comprising the steps of

determining and assessing the distance betwesn a passive navigation marker in the
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field of view and the mobile communication device; and displaying navigation

information dependent upon said assessment.

32. A method according to any of claims 27 to 31, further comprising the steps of
determining and assessing one or more angles between a passive navigation marker
iy the field of view and the mobile communication device; and displaying

navigation information dependent upon said assessment.

33. A method according to any of claims 27 to 32, further comprising the steps of
selecting navigation information at least partly dependent on values derived from

said accslerometer,

34, A method according to any of clalms 27 to 33, further comprising the steps of
selecting navigation information at least partly dependent on values derived from

said compass.

35, A method according to any of claims 27 to 34, further comprising the steps of
providing an accelerometer and/or & gyroscope; identifying displacement
characteristics; and comparing displacement characteristics against pre-determined

displacernent characteristics; whereby a8 mode of displacerment may be determined.

36. A method according to any of claims 27 to 35, further comprising the steps of
providing an accelerometer andfor a gyroscope; determining the ordentation of the
device; and displaying navigation information In accordance with sald determined

orientation.

37. A method according to any of claims 27 1o 36, further comprising the steps of
providing an accelerometer andfor & gyroscope; determining the orlentation
dependent upen whether a passive navigation marker is in the fleld of view of said
camers; and dependent solely upon data obtained from said gyroscope and/or

acceleromneter if no passive navigation marker is present in the field of view,

38. A method according to any of claims 27 to 37, further comprising the steps of

providing a pedometer,
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38, A method according to any of claims 27 to 38, further comprising the steps of
recording a user’s walking movement in order to determine the user's walking

profile and comparing the profile against pre-determined profiles,

40. A method according to any of dalms 27 to 39, further comprising the steps of
providing asymmetric passive navigation markers; and determining the position of

the user relative to sald markers.

41, A method sccording to dlaim 40, further comprising the steps of providing

asymmetric navigation markers located on the celling or floor of said building,

42. A method according to claim 40 or claim 41, further comprising the steps of

providing asymmetric markers visible solely in the Infra-red spectrum.

43, A method according to any of dalms 27 to 42, further comprising the steps of
selection of an initial location of said user from a menu in said user Interface; and

determining the location of said user.

44, A method sccording to any of claims 27 1o 43, further comprising the steps of
predetermining a list of product destinations; and storing said destinations within a

navigation system.

45. A method according to any of daims 27 to 44, further comprising the steps of
detecting a QR code; and lsunching a navigation system dependent on said

detection,

46, A method according to any of claims 27 to 48, further comprising the steps of

overlaying sald navigation information display over an on-screen floor plan map.

47. An application software configured to operate the method of any of daims 27 to
48,
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